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The development of the high power, and long pulse
millimeter wave transmission component is inevitable for
the high temperature steady state plasma conﬁnement
experiment in the LHD. In order to accommodate high
power of the order of 1 MW, long pulse or CW transmis-
sion with high reliability, the evacuation of the system
and the developments of the corresponding components
are necessary. Due to the successful development and
the simultaneous operation of the three, 77 GHz and
one 154 GHz 1MW gyrotrons, total injected power of
ECRH into LHD exceeded 4.6 MW in FY2013. Three
corrugated 3.5 inch waveguide transmission lines have
been already evacuated using several developed compo-
nents so far. These experiences are utilized to develop
corrugated waveguide components with other inner di-
ameter. Evacuated corrugated waveguide system is now
widely used and planned to apply JT-60SA and ITER
ECRH system, but with several waveguide and corruga-
tion parameters. We have developed general design and
fabrication method of miter bend for each system. Miter
bend blocks for 63.5 and 60.3 mm inner diameter cor-
rugated waveguide systems are designed and fabricated
for 28, 70, 170 GHz. Those for 70 and 170 GHz systems
includes power monitor sub-waveguide embedded in the
reﬂecting mirrors. One of them is already applied suc-
cessfully in Heliotron-J and the other is under high-power
test in JT-60SA.
Development of Real-Time power/polarization
monitor
These power monitors are basically for the use of one
particular linear polarization which is determined by the
relation between the coupling holes and aligning side of
the sub-waveguide embedded in the miter bend mirror.
A new type of power/polarization monitor is started to
be developed from the necessity to monitor and control
the polarization state of the injected power to optimize
the heating eﬃciency in LHD.
Once the high power real time polarization moni-
tor had been realized in LHD system1). In that system,
two independent sub-waveguides with two diﬀerent cou-
pling hole array are used to pick up the independent
components in P and S linear polarizations in the high
power corrugated waveguide side. The picked up P and
S components are compared with each other to deduce
the power ratio and phase diﬀerence those determine
the polarization state in the corrugated waveguide. Mi-
crowave components of fundamental waveguide are used
to analyze the phase diﬀerence and power ratio of each
Fig. 1: Modiﬁed 1-row multi-hole power square sub-
waveguide coupler
picked-up components. In order to realize the two row
multi-holes in the central region of the miter bend mirror,
small row of holes with (2m+1)λg/4 distance each other
are placed in two rows. Due to the recent high power
operation of the transmission line, we found a trace of
arcing between the row of holes and furthermore after
long pulse operation the part is damaged mainly due to
a low cooling capability.
New design adapts a square cross-section sub-
waveguide to pick-up and transmit both P and S po-
larization component simultaneously with one row of
coupling holes. These two components are separated
by a ortho-mode transducer which is also developed in
LHD. The capability of separating P and S component is
demonstrated in the polarization scan in the high power
transmission line in LHD at the frequency of 77 GHz.
The new system installed on one of the miter bend of
77 GHz high-power transmission line is shown in Fig. 1.
Analizing the polarization need to detect the power ratio
and phase diﬀerence between P and S components. The
combination of scalar horn antenna and down converting
the linear independent modes by harmonic mixers and
IQ demodulator are already realized in the low power2)
systems, but due to the limitation of the circuit used, un-
certainty in the sign of the phase diﬀerence remained. In
order to resolve this point and moreover, for the future
extension, a set of fast digitizers with the sampling rate
of 1 GHz and ﬁeld programmable gate array (FPGA)
is applied for the IF signal process after the harmonic
mixers as shown in Fig. 2. Preliminary test using the
real high power system shows that this method, picking-
up two polarization in squared waveguide and analyzing
phase and power diﬀerence of P and S polarization is
promising.
Fig. 2: Block diagram of the polarization monitor
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In an ECRH system, it is important to precisely
align a propagating millimeter-wave (mmw) beam to a
transmission line to avoid mode conversion to the other
higher-order modes. We have been developing a real-
time beam-position and proﬁle monitor (BPM) to mea-
sure the intensity proﬁle of a high power (Megawatt
level) mmw propagating even in an evacuated corrugated
waveguide without any disturbances. It was improved to
obtain higher spatial resolution 1). The BPM consists of
a reﬂector, two-dimensional Peltier-device array and a
water-cooled heat sink which are installed in a miter-
bend of the transmission line. Test results using a circu-
lar electric heater as a simulated heat source is shown in
Fig. 1.
Fig. 1: Variation of each Peltier device voltage is
mapped. The white dashed-line circle indicates the
heater position attached and the black dashed-line shows
a cross section of a waveguide.
Using the signals obtained by the BPM, a method
of mode content analysis is considered according to the
method proposed in the reference2). For simplicity, linear
polarized modes in a circular corrugated waveguide are
considered, which are expressed as the following equa-
tions;
LPynm(e) : E⊥(r, θ) = yˆ
√
2fσJn(Xσ · r/a) cos(nθ) (1)
LPynm(o) : E⊥(r, θ) = yˆ
√
2fσJn(Xσ · r/a) sin(nθ) (2)
LPxnm(e) : E⊥(r, θ) = xˆ
√
2fσJn(Xσ · r/a) cos(nθ) (3)
LPxnm(o) : E⊥(r, θ) = xˆ
√
2fσJn(Xσ · r/a) sin(nθ), (4)
where n,m are mode numbers and Xσ is the eigen value
of the mode σ with (n,m). a expresses the radius of the
waveguide and the normalization constant fσ is
fσ =
Z0
a
√
πJn+1)(Xσ)
= − Z0
a
√
πJn−1)(Xσ)
. (5)
Electric ﬁeld proﬁles of typical lower order LPnm modes
are graphically plotted in Fig. 2. The direction of the
electric ﬁeld is oriented to Y-direction.
Fig. 2: Electric ﬁeld proﬁles of
LP01,LP11(odd, even),LP21(odd, even),LP02 -modes
Generally, a propagating mmw in a corrugated
waveguide is expressed as a superposition of several eigen
modes σ (= 0 · · ·N). The electric ﬁeld at the position of
(xi, yj .zk) is described by the following equation;
etot(xi, yj , zk) =
N∑
σ=0
√
pσ exp{j(ϕσ − kσzk)}Eσ(xi, yj)
(6)
xi = i×∆x (7)
yj = j ×∆y (8)
where i, j = 0 · · ·M−1 and pσ, ϕσ and kσ are the power,
phase and wave-number of the propagating mode σ, re-
spectively. The evaluation function Wtot for determin-
ing mode content is deﬁned by the summation of square
value of the diﬀerence between the measured O and the-
oretical T functions,
Wtot(pσ, ϕσ) =
n−1∑
k=0
W (zk), (9)
where
W (zk) =
M−1∑
i=0
M−1∑
j=0
{O(xi, yj , zk)− T (xi, yj , zk)}2 (10)
T (xi, yj , zk) =
|etot(xi, yj , zk)|2
|etot|2MAX
(11)
When the mode with σ=0 is assumed to be the LP01 fun-
damental mode with the phase ϕ0 = 0 and
∑N
σ=0 pσ = 1,
each pσ, ϕσ can give the ratio of mode-content and the
initial phase of each mode σ.
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